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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a growing method forming 
a non-dislocating single crystal by safely pulling up a heavy weight 
crystal and suppressing shock affecting to the crystal as small as 
possible. 

SOLUTION: A seed crystal 12 is fitted on the top end part of a 
wire 41a of a hanger 41 and a single crystal part 15 is formed by 
pulling up, an arm-like part material 44a of a hanging tool 44 is 
hooked to a depressed part 16 of unevenness 14 formed at the 
single crystal part 15 side in a midway of the pulling up process, 
pulling up speeds of both of the arm-like part material 44a and the 
wire 41a are synchronously controlled to smoothly transfer 
between the two parts, and the single crystal part 15 is pulled up 
at always constant speed. 
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eCCiJ^^-T'So CCDt^jST'^^y -^^-4 1 a<Dg|^±tf« 
J^tfSn. :0>O'7^i-4 1 a:te.l:C>T-Atta5t^4 4 a 
ti. ^-t^ 3 HCj:^{SJ*>r-;:^3(Z)[plfE^Cj:iQf5lB$CC 

lais-r^o y^cc. ^-i^2 i^fmu. S7&c7ixrct^ 
cc<S}^^-;^3«:±^$if€>o cmcio. r-Ai:^g|5 
M4 4atC$l5}#Sn/cm)fSB^BSPl 5l¥«?l#±CfiE>n 

[0 04 9] '<n-X2 atJ. :7-7>t^l 1 <b;'l^-<^ 

T--AttgPW4 4 a-CHfl 1 4^ffif#L.r#^5H^Bg|5 
1 S^r^ltitf'^l^iC. 9^'+'4 1 a:^^6R^^cr-A 
ttSB«4 4 a--CDgi#±tf^tf€:tf ^>i£^^3&5*>0, 
r-A«SBt^4 4 a(Df^#gB4 6 iCagBl 6 

pflgp 1 6 toi^miimm^A e ccimtsi^mm^n. 
r>mm^f^ s(,c^Ki imiiLmmm^rihfc^mmitrj: 
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[0 05 0] :^JC. laSTbSS 1 OtcJ:^]. ^y-^-^A I 
a i ^^*£a^? \^±m^hr- A WSPM 4 4 a ^ ^ 

[0 0 5 1 ] ST\ miiEOi:^CCT-Al:^g|5W4 4atc 

ct^}e}^7:)^'tf:bn^iiBJ<D'7>n^4 i a^j:^?i#±cf 

©T-Al:^Sm4 4 a(D?l^±t:filJg*Ve iT^>o i lO 
fc. T-At^gPW4 4aCD<^^fl^<Dy'ri-4 1 acD?!* 

±cfiis?:v, i-r-s^. ^ifSa^gp 1 5 T-At^sm 

4 4a /dt as Vs e r ? I #±Cf 6 n^s C i 

tafor. T-At^SP**4 4a3!)^<)^L/cii: 

f^?5^e>^58$r^iaffi (131 o(Dmmi<Dmm) ^tm&v 

01 OtC^'TJc'^^c, r-At^a5t^4 4 aCDf^-^e 
ig (01 OOto 0{4B) M*«V* ^i^XHTfSU. V 

[0 05 2 ] aSV^ «^-^3 7^CJ:i9. aSV. 20 
^-i5?2 1 tC<i:0aies!)6n6o *iJ^^S9 ^ 3 7 

<!:^-:^2 l<7)[HIIi^n> hU-;l/-r^<h^t^C. V, + 

mUL. C<D^mmn('C^y). 7^i-4 l a&Cj:^?|# 

±cf fig ^ n > h n ^ ;i/-r ^ c i ^J^^i::^ ^ -5 o 

[ 0 0 5 3 ] 0 1 0 (tc^rj: ^ tfcmM^^m t , (oam-c 

=0, Vb ^Vse^^cC-Sj^^. C(Dtfc«'C'7-Yi-4 1 
a(D?l^±tf^#±T^im*£B^Ba51 SffJ^C^CDffiS 
^^fint>'SiSin:^^^'S/ci?). 0^^4 I a^'^'^f^:^yj\^ 30 
^CfPWjb. r-A«gm4 4aOaSV. ^Vs.cfcfpfe 
±^^^±^0 -ecDf^. ai5^CD^^tC'7-Yi-4 1 aCDSig 
V, i{i>L-:^-:>±M^it^t^(,C^ At^SlSt* 4 4 a 

•r^CitCj:^^. 7H^i-4 1 a7j)^6T-A^;^a5t^44 a 

SBl 5«^B$aKVsergit±tf6n. •7>f-^4 1a:*> 
^r-AttgPM4 4 a^(D^tfB$(D®^;:)^^^O^i:l^. 
[0 0 5 4 ] fc(±CD|JiBJCCi5l^r. Sf9Jt4 l^cz-r-t- 40 

|gI^©J:^^fT-A^:^gpW44 aiL/c;^^ -etiCCPM^ 
oil ti7'{ Kfil 8CcJ:^4>cDrj^j:<r«>J:< . 0^ 
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[0055] 2(s:S|HJtcfcCir«. #*SS:^^6i£{4^?S3t 
urnal of Crystal Growth 52(1981) 391>-39 5 ) . tfcU 

coDflOi 4^—m<Diimcjfmr^(tatt. 20 

[ 0 0 5 6 ] 0 1 uc, mi^^B}&&m(^c^(r)^\±^m 

g|55 3<b. ^ntC«Sr'S^S|55 4i^WO. m5 4 

(D\^mt^atmmm(Dmm^4 e ^mmox^^. Rt^as 

5 3 tcj: «3 . ^mM4 4(Di^m^4 6 afflCD^Sj:?^;^^ 

m^nM:(Dg^mm4 mi 2 tc^r j: ^ cc. mf^e^ 
[0057] mmm2 

commmxk^. m i sccWci: ^►ccsMb^b 1 2c7)iiT 

^^x>:;>7a51 3. fitSSPl 5a. 'f'-^N'Jt^^o. I-Q. 

3 (omiLmnm^ i 5 c . siiiiaj 1 5 b mmcmi&^B^ 

1«^)&^«?!l;l«01 3*5cfcO'iai 4tC^$n^*><D. S/c 

tm^) ^tmi. 2tc^-r4>oifi— r*>-E)» 
[0 0 5 8 ] mjia rf*-^N*j ^t. a^cD^gp^rfflc^To 
-Ti^j^t)-^. ©jiEiSRiigpi 5 c<Dmi<im.mtm^m 
Wo^^. ©jUitnilSPi 5 cossriOo/cfiir* 
60 ©AiitRiigpi 5 ct^. *fSB^(D?l#±cfag. ;u 

[0 05 9 ] miLm,v]mu 1 5 c 0 . 1 - 

0. ztr^ctx. m^Bxm(ou\.^m^^m^'S:^i.x 
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fcRjgswBiir-itflMaj 1 5 b tm-mM(ovim^^cmiLt 

S C i tc J; o t: , a Jigp 1 5 b <b [^-□°aM©m*Saiiia°a 10 

[0 06 0] glltLiSRilgP 1 5 C SJ#:S:(C ct 

Sl3ck'3feS<0. iSPgUl 5 b©iaSOi^l/5ic 

!^:<^-c*-s, 20 

t 0 0 6 1 ] S 1 3 *s J:O*0 1 4 ^Ctj^-TSNf*? 1 tt> 
— >^<DT-At^gm7 1 a. 7 1 bA^^i^j:*. r-At* 
7 1a. 7 1 b». 4 a, 4 

4 a i 1^1 G < ttJ^gPri^ 1/ , C CDJ^MSPW f > -Cilifg 
LT** (laBS) . r-AiKg|5W7 1 a. 7 1 b ©Tffl 
gi5tc«-en-en^RiSg|57 3. 7 4^^1:}-C*0, Cix 

^ct)^. S 1 4 *C7F-r J: ^ B5IB^R«t^7 3 ©$t« 

35^0357 3 a^ffJ^L. *nsa57 4©5feJ»(C«, 
wmihUl 3 a <!:{K^-r-2.IHgP7 Aa^Vt^th. m.r> 30 
r. W]SaP7 3. 7 4?rH<,»{CS£$-ttS£:i{Cj: 
0. ^1 4iC7j^-rJ;^fCdiSI37 3 ailH]a57 4 a*SK^ 

[006 2 ] Sf#*7 1 J; O^^B^aS 1 5 ^^Jt^T ^ 
fC». *P>*>Dii)*RiaSP7 3, 7 4*e;pg|Jl 5 b© 

(4gS-CP5T3-a-, C C-CflgP? 3 a i(ag|J7 4 a^rfS 

±^3-B--5>C<t(Ci:i3. 4£RiBS|57 3. 7 4©rt^M* 
^iZitRiigPl 5 c©^'fJiIffi{C(?^»§-t+^o C©iS^, 
^iIS^bSP 1 5 ©aatc J: O iiiBRia^;^SPMtc . c n^ffi 40 
F^L-J;^ i-r-2.:^ASf'Pffl-rAi. ±iB©J:^(Ci{iRJSg|5 7 
3. 7 4*S|adbK^l/t-|,>'5/t2«>. cn6¥RiSgl5lal± 
*s^!^-rS Cilice 1^0 ^JS^©^S*?7?^iCE3:> ttE 
i^';>^ (laBS) ©f'PK){cJ:i3T-Ai:/tg|Jt^7 1 a. 7 
1 brawraPS^fttlf-SCitCj;!?. ^R«l8RPI±*ffl# 
t^^m-n,Ctifi'C^h. C<D^^iC, i}£RISg|57 3 i 
7 4«. S^i^cJiilf'Pfie^ -^iKf «>C<tAS-Cg?. L*^ 

[ 0 0 6 3 ] S 1 5 isJaU^m 1 6 (cjnfSJtrRS 1 50 
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— *t©T-At»ig|5l5t8 1 a. 8 1 b*>*E.;^j:S. Cinhr 

-AttSPMB 1 a. 8 1 b©T*sgi5K, -en-etii*?ssp 

RilS|58 3«. F*^^ffi©7"--'^•^®^Z:eRi6gPl 5 c© 
f^-^^•i|5J— i-r-S), T-At^§|5M8 1 a i 8 1 b^rS 

"[0 064] 

"[:^iQ^;^']' *l%BJ«c iiali. ;X© J; e» ^cUSf^c^Sill 

1 ) ^*S^g|5*54^ i7g|5(;cJ;-:.T©^3^^$n^ct^-C. 
S C cfc D ^ * 6 s n -c ? I * ± Of S & , 

? I * ±tf * (c*i ^ mifeB^ga©mT*5^ i » , fie -3 

2) Sf3=a(Cj:Sm*£B^gB©?l#±tf*^^SH¥flCCj;S 

m h r ^B$-S©? I * ±lf ii«-C? I * ±lf «rtT 5 <fc ^ (C 
T ^ C i fC J; »P . #ifSB^gp--©f»SS*iS/jN|S(CfflI;?. h 

3) «iw#ig*fflt,^-cs^:a<!:iaei©fi^fia=f:!^^-r 
i>-)5m^umt -s c t j: 0 , iii#©{i^^*in?&«c?f *) 

f?±«ess*iEfi(csg^-r ^ c i j&j-c # ^, 
0. i~o. 3 ©gdiLiaRiigp. mmm)mic^m-t^ 

i^tc. S^:H:?:eJiiitRlflSIJ©J^S®W:«SSti-SC 

m ■ S5c(C«ft-r^C <i:*5-c#.5.» Sfc. ^S^Rg©>5: 
t,^i!lSiiaRaiS|J*^:g3-«*-SCi35S-e#. SEoT. C© 

ffiiiiiiRiigp^ RfgiWHU-r ict-c, ii:roa5ti5i-B°nK 

[0H©ffimi^fgiBJ] 

[01] *il?8©-J|]Mlt«l©±»1ifi£S. 

[0 2] |5l||ifg0i|©Si3A*Jj:atffi^:R*t>9©»iNHfll 

[03] nmmmicisv)i>nimmm.fm<D^u--x(o 
[0 4] *im#g:^^-rg|j^«i»iffi0. 

[ 0 5 ] |5l^0IJ(C fc- W S S©? I * ±Cf f'Pffl <&i»B^ 

•r-2)*4»fB0. 

[0 6] l5)^ifeWcfcw;5S^:afcj:4#igs©«^i:^{ 

[07] PISIiSWcfcW5S***tcJ:*^itea©?l#± 
If 4^Si€rl»B^T fi»^M0. 

[08] S«9:a*>6SJ^:S='^©miSB^B©§tfjgL*lftB^ 

-r-s«iWf®0. 

[0 9] W'3*(Cj:^m-tSB^?l^±lf©!fl3aB#SI<i:> S 

0 ;^<o^ I # ±tf jis t ©MO^?r^n-r«g0. 
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1 1 ] fBJ#*CD-e^!l©i*ffl^^L/, ( a ) «IE® 2 5 

0. < b ) tWJffiS. ( c ) «B5iBiEE0©A - AWS 2 6 

0, 2 7 

[i3 1 2 ] ^i^M:<D^^tmt^rB<Dmm. a^toa 2 8 

msm^^w^-namm, 2 9 

[013] «iJ05e!ifeFi!tCfcW-2>l5SStp©#ifSB^©ff$tt. 3 0 

idj:uF^mmcj:?>mt^^<Dmt^wm=&mm-miimm lo 3 1 

3 2 

[SI 4] 01 3©B-Bi^»Tsa. 33 

[0 1 5 ] H 1 3 (omi^^B^^f!<D^M:iCj:-:>r0m-r 3 4 

S«]^*iSBJ-rSflll»rM0. 3 5 

[01 6] SI 5©C-Ci»»rffi0. 3 6 

[017] tie*©m^a©(S:g7?j**^-r3|5^«l»fffi 3 7 

0. 3 8 

[018] ^mmmmmmi^^i-ficmssti^^i^M: 3 9 

©fie*^*^7^f siJ»#»fffl0, 4 0 
[|f-^©iftBj] 20 4 1 

1 X 7 4i?'^8J)*i«gl5 4 1 a 

2 ^»tt?*14a51vf 4 2 
2a --in-X 43 

3 mmir-X 4 4 

3 a ^lO^^-^-X 44 a 

3 b mzOUmir-X 4 5 

4 lHliS«l1«g|J 4 6 

5 ^0:^#KSMtS|5 4 7 

6 mmnm^m 4 s 

6 a P— FHsJU 30 4 9 

7 *}#Wg«J««g|5 5 0 

8 ^tii^m 5 1 

9 mm^s. 5 2 

1 0 5 3 
1 1 5 4 

1 2 6 1 

1 3 * i7g|J 7 1 

1 4 GnCi 7 1a 

1 4 a 7 1 b 
1 5 m*S^SI5 40 7 3 

1 5 a teSSP 7 3a 

1 5 b aiHSP 7 4 

1 5 c mtmrnm^ 7 4a 

1 6 easp 8 1 

1 7 jK-;l'iaD 8 1 a 

1 8 H-i K# 8 1 b 
\^ T.V'i'st 8 2 

2 0 -y-vVm^ 8 3 
2 1 



#111^9-2 89 3 

18 

mm. 
7- 'J 

iap?L 



!|$P3¥9-2 89 3 



mi] m2] 




me] 



(12) 



^fia¥9 - 2 89 3 




(13) #11^9-289 3 



[013] mi 5] [017] 




miEM^ms^] 0 00 2 

[ffllErtg] 
[0002] 

1 2;&^^?^5=■•^'>-'^' mm F*3(CiRifb)t;U->^H l Ort 
(ffiSgP 1 5 a ifiPSB 1 5 b ?:^t?-&/c^>©^^*Sa^ 



S51 Sil^^) A^M^fii^tSnS. fiis. 4 IttSilSa 
(^«SttiE2] 

miEnmmm^] 0 00 a 

[ffllE:^ft] 

[000 3] tJe*. ^ifSSSPl 5»2 O71»M3 0 kgS 

t^&monmit'pmst k> \si±m<Dtcit)m^M?^ 1 5 © 

L;^c;^•;'^'g|51 3-C(i. 1 0 07!)^2 GO k gfiS©ii5 

as©^if5H^Baj 1 b^^ic^i^-r^ctiji-c^tfi^^t 

C^-^Pm-^.^s^D/c. -e©ft?9i^g:<!: or. t^atfEll 
8.(CS^-r<}: ^{C. * f SP 1 3 4#if*Sg|J 1 5 i©ia«: 
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